Microsatellite analysis was used to estimate genetic diversity and relationship of 180 individuals belonging to two native endangered Austrian cattle breeds, Carinthian Blond (CB) and Waldviertler Blond (WV), and Hungarian Grey (HU) from Hungary. Twenty-five markers were used, and a total of 213 alleles were detected, of which 54 alleles (~25 %) were private alleles. Three breeds are clearly separated from each other with a correct assignment higher than 90 %. No bottlenecks were detected in any of the populations. A small amount of gene flow among the three populations occurred in the past. The closest genetic relationship is between Carinthian Blond and Waldviertler Blond (NEI et al.'s distance D A , [1983]; D A =0.11). However, Carinthian Blond showed higher mean number of alleles per locus (6.76), number of private alleles (17) and expected heterozygosity (0.663) than Waldviertler Blond (6.04, 9 and 0.631, respectively). The negative values of fixation index F IS (−0.018 and −0.037 for CB and WV, respectively) indicated that inbreeding is avoided, a sign for a successful conservation breeding program. 
Introduction
Carinthian Blond (CB) and Waldviertel Blond (WV) cattle used to be widespread in and around the Alpine region around 1900. During the following century the size of both populations was reduced drastically whereas Austrian Simmental and Brown Swiss became popular as high-yielding dual purposes breeds. At the present time, CB and WV populations are considered as highly endangered with about 700 breeding animals each. One special characteristic of both breeds is a very good meat quality. In addition CB also is known for it's as good fertility, good grazer and best mother qualities. Phenotype of CB is uniform silver white to light yellow with less pigmentation, pink muzzle, horn and claws in yellow while WV is blond to white, muzzle flesh-coloured, horn and claws in yellow-grey. CB and WV belong to the group of blond breeds. According to ÖNGENE (2007) , CB aroused from a mixture between Slavonian and Franconian cattle from Germany while WV was composed of many breeds; the three major breeds were Celtic, Franconian cattle and Hungarian Grey (HU) a pure breed originated from Hungary with grey coat colour. The good characteristics of HU are high growth rate and lean meat content compared to Holstein Friesian (HOLLO et al., 2004) . During the 19 th century, CB and WV were repeatedly crossed with Blond Franconian cattle. The conservation breeding programs for WV and CB were established in 1995. However, phenotypic conservation criteria are not considered to be sufficient to maintain original breeds' characteristics. Additional sources of information like pedigree and molecular genetic information might be used in conservation breeding programs. Therefore the goal of this study was to investigate differences and similarities of closely related populations based on microsatellite marker information, to assess the genetic diversity, breed relationships, gene flow, population structure and possible bottlenecks of CB, WV and HU populations.
Materials and methods

Animals and microsatellite markers
Blood from 60 unrelated animals per breed was sampled including CB, WV and HU. All animals were genotyped for 29 microsatellite markers recommended for genetic diversity studies in cattle by FAO (http://www.projects.roslin.ac.uk/cdiv/markers.html). Null allele frequencies were estimated for each locus using EM algorithm (DEMPSTER et al., 1977) for 10,000 replications by FREENA. We excluded 4 loci HAUT27 (15.2 %), HEL13 (18.4 %), ILSTS005 (11.3 %) and INRA35 (36.6 %) from further calculations because of estimated null allele frequencies above 10 %.
Data analysis
Each population was tested for Hardy-Weinberg equilibrium using GENEPOP v3.4. A sequential Bonferroni correction (α=0.05) was used to correct for multiple comparisons. Observed and expected heterozygosity across breeds were estimated by GENETIX v4.05 and were tested by paired t tests (SAS 9.1.3 for Windows) to determine if there were significant differences between them within each population, at each locus and overall. Additionally the mean number of alleles across loci was estimated by EXCEL MICROSATELLITE TOOLKIT. Numbers of private alleles were estimated by CONVERT. Fixation coefficients (F IS , F IT and F ST ) were calculated using POPGEN v1.32. The number of effective migrants per generation (Nm) was based on F ST estimates (WEIR and COCKERHAM, 1984) and was calculated as Nm = (1− F ST ) / 4·F ST (WRIGHT, 1969) by GENETIX. Genetic relationships among breeds and individuals were derived using NEI et al.'s distance D A (1983) . D A has been shown to be appropriate for phylogenetic studies of both infinite-allele model (IAM) and stepwise mutation model (SMM) and in obtaining the correct topology (P C ) (TAKEZAKI and NEI, 1996) . Distance matrices were calculated using POPULATION v1.2.30 beta 2. Robustness of the UPGMA of the population tree was tested by 10,000 bootstraps on loci and the cladogram was drawn with PHYLODRAW. The radial tree of individuals was drawn with HYPERTREE. However, the concept behind a phylogenetic tree was that populations can separate into several groups which subsequently no migration between populations (OLDENBROEK, 1999) . Therefore we applied a principal component analysis (PCA) conducted by PCA-GEN to visualize genetic differentiation among individuals of cattle breeds. The genotypes of each individual were ordinated in a multidimensional space. The statistical significance associated with each axis was calculated over 10,000 randomizations. STRUCTURE v2.2 was applied to estimate the number of genetic subpopulations or clusters (K). Ten independent runs of K=1−7 with 1,000,000 Markov chain Monte Carlo (MCMC) iterations and a burn-in period of 1,000,000 were performed, using the admixture model with correlated allele frequencies and no informative priors about individual membership. The program DISTRUCT written by ROSENBERG (2004) was used to visualizing these estimated membership coefficients. Subpopulations were presented as colours, and individuals were depicted as bars partitioned into coloured segments that correspond to membership coefficients in the subgroups. Assignment of individual cattle to their most likely breed was performed by GENECLASS2 using Baysian method (RANNALA and MOUNTAIN, 1997) with 10,000 simulated individuals. The bottlenecks were assessed by using two methods provided by the software package BOTTLENECK v1.2.02. The first method was the heterozygosity excess method described by CORNUET and LUIKART (1996) . This method exploits the fact that allelic diversity is reduced faster than heterozygosity during a bottleneck, because rare alleles are lost rapidly and have little effect on heterozygosity, thus producing a transient excess in heterozygosity relative to that expected in a population of constant size with the same number of alleles. Two statistical tests have been proposed to evaluate such differences. We applied standardized differences test (T2 values) and Wilcoxon signed-rank test (probabilities-one tail for H excess) to estimate the probability of heterozygosity excess. The second method was a graphical examination of allele frequencies described by LUIKART et al. (1998) . In a population of constant size, many alleles should be rare. In contrast, a recently bottlenecked population is expected to show fewer rare alleles, as they are lost most quickly. A histogram of the proportion of alleles in a dataset at different frequencies should thus reveal a deficit of rare alleles, or a mode shift. We carried out 10,000 replicates and assumed that all loci follow the SMM or two-phase mutation model (TPM) appropriate for microsatellite markers. We used the TPM with 95 % singlestep mutations and 5 % multistep mutations, as recommended by PIRY et al. (1999) .
Results
Test for Hard-Weinberg equilibrium INRA32 in HU showed a significant heterozygote deficit (P<0.01). Further two loci in WV, INRA23 and INRA32, showed a significant heterozygote excess (P<0.05). After applying the sequential Bonferroni correction, no departure from HWE was observed across samples and loci.
Genetic diversity among loci
In total, 213 alleles were observed at the 25 loci (Table 1 ). All 25 loci were polymorphic in the 3 breeds. The number of alleles per locus ranged from 4 (INRA005) to 14 (TGLA53) with means of 8.52 ± 2.52. The number of private alleles was highest in TGLA122 (7) and 3 loci had no private allele. Levels of expected (H e ) and observed (H o ) heterozygosity were higher than 0.500 among loci (H e =0.518-0.864) except ETH10 locus (H e =0.287). There were significant difference between H e and H o at 2 loci, TGLA126 (p=0.001) with H o > H e and ETH152 (p=0.022) with H o < H e . The exact test for population differentiation based on allele frequency variation showed that all breeds investigated were significantly different from each other (P<0.001). F ST values indicated that around 6 % of the total genetic variation can be explained by breed differences, the remaining 94 % corresponding to differences among individuals (Table 1) . 
Genetic diversity among breeds
The expected heterozygosity among the 3 breeds was highest for HU and lowest for WV while the observed heterzygosity was highest for CB and also lowest for WV (Table 2) . However, a significant difference between expected and observed heterozygosity was detected in WV (p=0.03) only. F IS values were negative and significant different from 0 in CB and WV. The mean number of alleles per locus was highest in CB (6.76) and also lowest in WV (6.04). The total number of private alleles and the number of private alleles with a frequency higher than 0.01 % were 17, 9 and 28 alleles and 10, 4 and 28 alleles for CB, WV and HU, respectively. (Table 3) . F ST coefficients ranged from 0.06 (between CB and WV) to 0.11 (between WV and HU). Thus, 6 to 11 % of the microsatellite variability was explained by between breeds variability while the remaining variability was explained by the variation within breeds. Gene flow between breeds was shown by estimating the number of migrants per generation (Nm, where N was the total effective number of cattle and m was the migration rate). The highest migration rate was estimated between CB and WV (3.60) and the lowest migration rate between WV and HU (2.08). Table 4 shows the values of D A (NEI, 1983) genetic distances assessed among all breeds. Figure 1 presented a cladogram depicting the genetic relationships between breeds. HU population split away from the two blond breeds. Generally the high bootstrapping values indicated a very stable phylogeny. Just two animals from WV were found in CB cluster, two animals from CB in HU cluster, and one animal from HU and two animals from CB in WV cluster (Figure 2 ). The result of PCA is shown in Figure 3 . Individual scores were plotted onto the two principle axes. The principle component 1 extracted 9 % (p=0.74) and principle component 2 extracted 6 % (p=0.21) of the total variance among individuals. The plotting showed a clear separation between HU (placed on the right side of the plot) and WV (placed on the left side of the plot) on principle component 1. CB separated from HU and WV on principle component 2 with some individuals overlapping between populations and some individuals are misplaced (showed in circles and squares). Figure 4 . At K=2, the three breeds split into 2 groups, one containing the two Austrian blond breeds while HU was separated. At K=3, the three breeds were separated into three groups with the proportions of membership of each pre-defined population of 94.2 %, 92.7 % and 97.1 % for CB, WV and HU, respectively. Misclassified individuals were distributed among all breeds. Misclassification proportions varied from 1.3 % to 5.9 %. HU was the most correctly classified breed, and WV was the most misclassified. At K=4, CB split into 2 groups, at K=5, also WV split into 2 groups. However, the genetic structure of HU population seemed to be highly uniform and never separated at any K up to K=7. The highest value of Ln Pr(G|K) with lowest variation between runs was obtained for K=3 (−12138 .2) as show in Figure 5 . These three inferred populations would correspond to the ancestral populations from which our current breeds were derived. Breed Assignment The direct method described by RANNALA and MOUNTAIN (1997) allowed the correct assignment of 97.2 % of individuals to their breed of origin. However, there were 4 individuals from WV that could not be assigned correctly and one migrant was detected (P<0.01).
Breed relationships
Bottleneck Detection
We used Sign Standardized differences (T2) and Wilcoxon sign rank tests to characterize bottlenecks in three populations (Table 5) . Using the Wilcoxon rank test, the p-values were greater than 0.9 for all populations and both models TPM and SMM. Results from both tests indicated that, due to mutation-drift equilibrium, a recent genetic bottleneck did not occur in CB, WV and HU. The Mode-shift indicator test was also utilized as a second method to detect potential bottlenecks, as the non bottleneck populations that were near mutation-drift equilibrium were expected to have a large proportion of alleles with low frequency. A graphical representation utilizing allelic class and proportion of alleles show a normal L-shaped distribution (data not shown here) in all populations. This distribution clearly reinforced the result that the three populations have not experienced a recent bottleneck. Discussion The expected heterozygosity among and within breed were high indicating that all 25 markers were valuable to assess the genetic diversity in our populations. HU shows the highest level of genetic diversity with regard to expected heterozygosity. Conversely, CB shows the highest level of genetic diversity if assessed by observed heterozygosity and mean number of alleles per locus. However, WV shows clearly the lowest genetic diversity regarding expected and observed heterozygosity as well as number of alleles per locus. The large number of private alleles in HU may reflect its long distance to the other breeds while the small number of private alleles in WV may reflect its short distance to the other breeds investigated. Moreover, the frequencies of private alleles were lower than 10 % in all populations except 184 bps allele at INRA32 in WV (>36.67 %) that might be a unique characteristic of WV population. A high frequency of a private allele could also reflect that some individuals are closely related or cattle were sampled intensively in a region (KALINOWSKI, 2004) , which should not be the case because a representative sample of individuals as unrelated as possible was taken for this study.
The negative values of F IS were small but significantly different from 0 which indicates outcrossing exists in CB and WV (CHESSER, 1991) or mating of close relatives is avoided a sign for a successful conservation program. Another reason for the negative values of these statistics could be gene flow from other populations (JORDANA et al., 1999) . Conversely, positive F IS was detected in HU but not significantly different from 0 which indicate that no severe inbreeding occurs in the HU population. The genetic distances (F ST ) measured between all pairs of breeds can be considered (0.063) to be moderate (HARTL and CLARK, 1997) and smaller than that reported for 20 Northern European breeds using 10 microsatellites (F ST = 0.107; KATANEN et al., 2000) and 7 other European breeds using 20 microsatellites (F ST = 0.112; MACHUGH et al., 1998) but larger than 4 native Spanish cattle breeds employing 11 microsatellites (F ST = 0.041; RENDO et al., 2004) . However, it was similar to the value obtained among 18 local cattle breeds from Spain, Portugal and France, using 16 microsatellites (F ST = 0.07; CANON et al., 2001) , 7 French breeds with 23 microsatellites (F ST = 0.08; MAUDET et al., 2002) , and 3 native Italian cattle breed with 21 microsatellites loci (F ST = 0.06; MOIOLI et al., 2004) . The NEI's genetic distance matrix showed that HU was most divergent from the others (0.18 in relation to WV and 0.14 in relation to CB). Genetic distance was lowest (D A = 0.11) between CB and WV. We expected HU should be closer to WV than CB because WV originated from HU according to ÖNGENE (2007) . However, genetic distances showed that HU was closer to CB than WV. The effect of gene flow between HU and CB (3.4) was high enough to attenuate the genetic differentiation between populations in an infinite island model (TREXLER, 1988) . As expected the differentiation between CB and WV is lowest and the migration rate is highest indicating the existence of gene flow between the Austrian Blond breeds. However, low levels of gene flow among breeds are most likely due to the clear separation into three clusters. This is also in agreement with the results shown in the PCA plot showing some overlap between CB-WV and CB-HU while WV-HU is totally separated.
Genetic differentiation among individuals was fully recognized by PCA and Neighbor joining clustering procedures which, without using prior population information, split the individuals into 3 clusters corresponding to the three breeds with some individuals misclassified in both methods. Most of the misclassified individuals in PCA are corresponding to the misclassified individuals in Neighbor joining method. However, the program structure showed at K=4, CB split into 2 groups and at K=5, WV split into 2 groups while HU never split at any K (K≤7). It can be indicated that genetic structure of WV was more consistent than CB, while the genetic structure of HU was highly uniform. Moreover, this indicated that CB and WV had experience crossing with other breeds before a strict conservation program was established. Further investigation is needed to reveal which breeds were involved. In conclusion, the present investigation confirms that all 3 breeds are clearly separated from each other, while Carinthian Blond and Waldviertel Blond show the closest relationship. It was detected that the genetic structure of Carinthian Blond was less homogeneous than Waldviertel Blond indicating the presence of outcrossing with other breeds. Therefore it still needs further investigations. Furthermore, even phenotypically very similar breeds turned out to be genetically clearly distinct. In total, the results of this study confirmed that the current conservation breeding program works well because mating of related animals is avoided and populations of Waldviertel Blond and Carinthian Blond are kept clearly separately.
